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I. Introduction
Aging is defined as an incremental functional and reproductive decline associated with increased mortality [1] . Aging involves multiple biological pathways. Manipulation of these pathways by pharmaceutical and botanical compounds is an emerging focus of anti-aging research [2] . One of these pathways is the insulin/insulin like growth factor (IGF) signaling (IIS) pathway that is highly conserved. IIS is an evolutionary conserved pathway for regulating life-span from yeast to human [3] [4] [5] [6] . IIS plays role in regulation of growth, metabolism, reproduction, stress resistance and life-span [4, 7] . Long-lived IIS mutant species show increased resistance to oxidative stress [8] . In Drosophila, the involvement of IIS in life-span was discovered when mutations in the single fly Insulin receptor (termed dINR) and Insulin receptor substrate (IRS), chico, were shown to extend life-span [5, 9] , 15 .
The evolutionary conservation in mammals of the control of life-span by the IIS pathway was confirmed when it was found that disruption of either the insulin or IGF pathways could extend the life-span of mice [10] [11] [12] [13] . Many single gene mutations in IIS components have been shown to produce large increases in the life-span in Caenorhabditis elegans [6] . The downstream transcription factor dFOXO is essential for extension of life-span by altered IIS [15, 16] . Stimulation of IIS activates the Akt kinase, which in turn inactivates
Foxo3A through phosphorylation resulting in transport to cytoplasm [17] . Inactivation of IIS results in activation of FOXOs [6] . They are involved in metabolism, stress protection, cellular differentiation, cell-cycle arrest and apoptosis [18] [19] [20] . In flies, inhibiting insulin/IGF-1 signaling systematically or increasing the activity of FOXO ( the Drosophila orthologue of DAF-16) specifically in adipose tissue increase life-span [21] . IIS mutant increase life-span with the expression of dFOXO in adult fat-body [15] . As long as a mutation reduces the insulin/IGF-1 signaling flux and DAF-16/FOXO like proteins are activated, the animal will undergo its physiological shift towards cell maintenance and live long [21] . Our study is also focused on expression of dFOXO on the nucleus of larval fatbody after feeding Drosophila with DCI and pinitol.
Dietary restriction (DR), the reduction of nutrients without malnutrition, extends life-span in various organisms, yet its molecular mechanisms are poorly understood [22] . DR slows the appearance of age-related pathologies and delays biomarkers of age in non-human primates [23] . Emerging data from calorie restriction (CR) studies in rhesus monkeys suggest that this nutritional intervention paradigm may also have beneficial effects in long-lived mammals [23] . DR is often known as calorie restriction, because it has been suggested that reduction of calories, rather than of particular nutrients in the diet, mediates extension of life-span in rodents [24] . DR may be mediated through several nonexclusive genetic pathways, such as the sirtuin, SKN-1, and TOR pathways [21, 22, 25] Increased life-span has been shown to be correlated with increased resistance to starvation [26] and paraquat resistance in Drosophila lines selected for increased age at reproduction [27] . Long-lived strains are relatively resistant to different environmental stresses [28] . In Drosophila, neuronal activation of JNK/FOXO signaling is known to confer resistance to oxidative stress and extend life-span. [29, 30] Oxidative stress has been implicated in the pathogenesis of various diseases and aging. Thus, boosting the resistance against oxidative stress might be a strategy to delay or prevent the onset of diseases, promote organismal survival, and slow down aging. As lifespan increment and stress resistance are correlated positively [31] , we tested DCI-and pinitol-fed flies against oxidative and starvation stresses.
Flies are excellent model for the anti-aging research. Flies and human share key metabolic pathways, such as DNA repair system, superoxide metabolism and insulin-like signaling.
They are inexpensive to rear, have relatively short life-spans, and exhibits declines in a number of behaviors and other functions as they age. Flies have been used as a model system for aging for more than 90 years [32] .
DCI, a member of inositol family, plays a key role in promoting insulin sensitivity in the human body. By supporting insulin function, DCI contributes to normal glucose and lipid homeostasis. DCI is found in a monomethylated or glycosylated form in legumes especially in buckwheat, beans and other plants and in complex structures, such as microorganisms.
Pinitol has a similar chemical structure and biochemical actions with inositol. Pinitol is one of the major constituents and mainly being isolated from Bougainvillea spectabilis, Pinus lambertiana, and soybean (Glycine max). From the literature survey it is apparent that pinitol and its derivatives are associated with a wide range of bioactivities, for example, anti-diabetic, anti-inflammatory, anticancer, stamina enhancing [33] . The aim of the study was to determine: (1) the effects of DCI and pinitol on life-span of Drosophila melanogaster, (2) the effects of these compounds in health span (3) the molecular mechanisms of life-span extension by DCI and pinitol in Drosophila melanogaster. In this study, we demonstrated that DCI and pinitol extend life-span of flies with no difference in fecundity and increase in locomotion and stress resistance. DCI and pinitol extend life-span by decreasing the insulin pathway and thus activating dFOXO. This is the first time to report that DCI and pinitol extended life-span of Drosophila.
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Fly stocks and husbandry
We performed all the experiments using wild-type Canton-S flies. These flies were mL in water) supplemented with several grains of live yeast.
Life-span
Newly eclosed Canton-S adult flies were collected over 48 h and were randomly assigned to 500 mL demography cages to the final density of 100 males and 100 females per cage. The vials containing fresh food (0, 20, 50 , 100, 200 µM) were changed every 2 days and deaths were recorded. Three replicates were established for the each compound.
Fecundity
Adult Canton-S flies were collected within the first 24 h of emergence, and each vial was set up with a density of 1 female and 2 males. Each female was allotted exactly 24 h to lay eggs. 
Rapid iterative negative geotaxis (RING) assay
The RING assay was performed as described elsewhere [34] . Briefly, flies were fed DCI and pinitol diet as described above in life-span assay for 1 week and 4 weeks before performing assay. Vertical climbing assay was performed at weeks 1 and 4. Flies were collected under brief CO 2 anesthesia (1-2 min) and allowed to recover at least 18 h at 25 o C and 50% relative humidity prior to assay. To assess RING, 20 single sex flies were transferred into a tube.
The tubes with flies were loaded into the RING apparatus and rapped on a table three times in rapid succession to initiate negative geotaxis responses. The flies' positions in the tubes were captured in digital images taken 4 s after initiating the behavior. In all studies flies
were assessed in consecutive trials separated by 1 m of rest. Five replicates for each group (DCI and pinitol 0 and 20 µM) and four trials were used in all experiments.
Stress tests
Survival was measured on (i) 20mM paraquat (methyl viologen dichloride hydrate, Sigma)
in SYA food (oxidative stress) or (ii) 1% agar (starvation) [35] . Total of 20 flies with separate sex were kept in vials and 15 replicates were averaged. Survival of flies was checked after every 6 h. For both experiments flies were fed DCI and pinitol food for 10 days.
Dietary Restriction
Adult standard sugar/yeast/agar (SYA) media were prepared with 10 g sucrose, 12 g yeast, reared at standard larval density, and eclosing adults were collected over a 24 h period under light CO2 anesthesia [36] .
Immunostaining
The third instar larval fat bodies were dissected in PBS and fixed in 4% paraformaldehyde for 30 min at room temperature. Samples were incubated with dFOXO antibody (1: 300 in 2% BSA) overnight at 4 o C and with Alexa Fluor 488-conjugated anti-rabbit 1gG (1: 300 in 2% BSA) for 2 h at room temperature. The tissues were mounted in Vector H1200 mounting medium with DAPI (Vector Laboratories, Burkingame, CA) to stain DNA. Fluorescence images were acquired using confocal laser microscopy (Confocal Laser Scanning
Microscope, LSM 510 META).
Statistical Analyses
Statistical analyses were performed using Prism software (GraphPad). Log-rank tests were performed for lifespan and stress survival curves. One-way analysis of variance (ANOVA) was used. Error bars represent the standard error of mean and an asterisk indicated significant difference from control (**p<0.001 and *p<0.05). The tests used and sample sized for each experiment are indicted.
III. Results
The effects of DCI and Pinitol on lifespan of flies fed a standard diet
To test the effects of DCI and Pinitol on lifespan, we fed newly eclosed flies of the Canton-S strain, throughout their lifetime, with standard fly medium containing various concentrations of DCI (0, 20, 50, 100 and 200 µM). DCI at 20 µM showed a striking extension of male median life-span by 16.7% (Fig. 3A and Table 1 , p<0.001) and female median life-span by 13% (Fig. 3B, p<0.001) . Likewise, we also examined the effect of pinitol on Drosophila (Fig. 3C, p<0 .05) and 12.5% (Fig. 3D, p<0 .05) respectively. 
The effects of DCI and pinitol on fecundity
To determine if the observed life-span extension was direct effects of DCI and pinitol treatment or due to DCI and pinitol induced secondary physiological effect, we examined fecundity of DCI and pinitol supplemented flies. It has been reported that increased life-span of Drosophila was coupled with decrease in early reproduction [37] . We found that DCI-as well as pinitol-fed females did not reduce the fecundity (Fig. 4) . The lifetime egg production by flies fed with DCI and pinitol supplemented diet did not reduce at the doses that life-span extension was observed. These findings show that the life-span extension with DCI and pinitol supplementation was not due to lowering fecundity. 
The effects of DCI and pinitol on locomotion activity of flies
In addition to examining the impact of DCI and pinitol on physiological confounds of aging such as fecundity, we also tested the effect of DCI and pinitol on locomotor activity as a biomarker of health span. The association between locomotor activity and aging has been established in a variety of species, including D. Melanogaster. In 1987, Le Bourg reported an association between locomotor activity and aging in Drosophila [38, 39] . Geotaxis is a commonly assessed type of behavior in Drosophila that can be quantitated in an assay measures negative geotaxis, an innate escape response in which flies ascend the wall of a container after being tapped to its bottom [40] [41] [42] [43] . To assay negative geotaxis we used rapid iterative negative geotaxis (RING) test. The climbing ability of 1 and 4 week-old males ( 
The effects of DCI and pinitol on life-span of flies fed the DR diet
A reduction in nutrient intake, also known as DR, extends life-span in various species including worm (C. elegans), fly (D. melanogaster), yeast (S. cerevisiae) [44, 45] . To determine if DCI and pinitol act on the same or different pathways, we measured the lifespan of flies fed with 2% CSY (DR) and 12% CSY (ad libitum) diets supplemented with or without DCI and pinitol. Owing to their similar structure, we assumed that DCI and pinitol have similar function. Hence, we examined the life-span in DR condition with pinitol alone.
Both males and females fed with CSY 2% food supplemented with pinitol significantly increased their life-span (log rank test, p<0.001 for all comparisons) beyond that increased by DR food alone (Fig. 6) . These results suggest that the prolongevity effect of pinitol is independent of DR pathway. Likewise, pinitol-fed males and females significantly increased their life-span (log rank test, p<0.001 for all comparisons) in ad libitum (SY 12%) condition with compared to control flies. These findings indicate that these compounds can limit the adverse effects of the high-yeast diet and promote the survival of flies on the high-yeast diet. 
The effects of DCI and pintiol on stress resistance
Enhanced resistance to various stresses is often associated with interventions that extend life-span including starvation and oxidative stresses [35] . To assess whether DCI and pinitol protected flies against oxidative and starvation stress, we subjected DCI and pinitol-fed flies to paraquat, and starvation. As reported in Broughton's paper, we found that both males and females fed with DCI and pinitol food survived longer in 20 mM paraquat than controls (Fig.7, p<0 .001, for all comparisons). Furthermore, flies fed with these compounds were resistant to starvation when compared with controls ( Fig.7) . 
DCI and pinitol increase nuclear localization of dFOXO
As DCI, pinitol and PIP3 share a similar structure, and PIP3 acts as a secondary messenger in the IGF signaling pathway [6] , we hypothesized that DCI and/or pinitol can intervene in the IGF signaling pathway. Furthermore, as reduction in the IGF-like signaling has been implicated in extending lifespan in Drosophila, we asked whether DCI and pinitol have any effect in extending lifespan in Drosophila via reduction in IGF signaling. In general, endogenous dFOXO is distributed throughout the cytoplasm in all cells [16] . Without ligand binding at the insulin-like receptor, dFOXO remains unphosphorylated and is transported to the nucleus where it promotes factors that retard cell growth, proliferation and increase lifespan [14, 46] . So, we tested whether dFOXO is localized in the nucleus of the larval abdominal fat bodies in DCI and pinitol-fed flies. Our immunostaining assay results (Fig. 8) showed increased nuclear localization of dFOXO in DCI and pinitol fed flies' fat-body with compared to control. These results suggested that extension of life-span with these compounds is due to reduction of insulin signaling pathway and activation of dFOXO.
Compound nucleus anti-FOXO merged 
IV. Discussions
The findings in this study demonstrate that DCI and pinitol increase life-span of Drosophila in both sexes. The first pathway shown to influence aging in animals was the insulin/IGF-1 pathway [21] . Extension of lifespan by the IIS can pathway has been conserved during evolution of the nematode C. elegans, Drosophila and mouse [6, 44] . FOXO factors are downregulated by the IIS pathway [47] and inhibition of Insulin/IGF-1 pathway activates FOXO which then undergoes its physiological shift towards cell maintenance and live long [21] . daf-16 is the only C. elegans homologue of the FOXO family of forkhead transcription factor and daf-2 encodes an insulin-like receptor [48] . Mutations in daf-2, with concomitant activity of daf-16, have been shown to more than double the lifespan of C. elegans [49] .
Mutation of chico, Drosophila insulin receptor sunstrate [6] extends Drosophila median lifespan by up to 48% in homozygotes and 36% in heterozygotes [5] . It was also found that a mouse model heterozygous for a mutation in the IGF-I receptor gene survived 26% longer than normal [49] . DCI and pinitol are structurally similar to PIP3. The intracellular messenger (PIP3) in IIs activates a series of kinases, such as dPDK1 and PKB, which subsequently phosphorylate the transcription factor dFOXO, leading to its inactivation and translocation to the cytoplasm [6, 14, 46] . We hypothesized that DCI and/or pinitol can intervene in the IGF signaling pathway and thus increase lifespan. In this study, we found that DCI and pinitol extended life-span with the reduction of Insulin/IGF-1 pathway and activation of dFOXO. In C. elegans, mutation of the genes daf-2 and age-1, which encode components of an insulin/IGF signaling (IIS) pathway, enhances stress resistance and increases adult life-span by up to 200% [45] . Maria E reported that, head fat-body-specific over-expression of dFOXO-TM had no effect on female fecundity, but it increased resistance to paraquat and resulted in lipid accumulation not only in the head fat-body but also in the peripheral fat-body. Likewise, in our study also reducing IIS and activation of dFOXO in flies fat body increased life-span with no decrement in fecundity and increment in the stress resistance including oxidative stress and starvation.
DR is also one of the life-span increasing factors. DR without malnutrition delays or prevents age-related diseases and extends life-span from yeast to monkeys [22] . Some compounds like resveratrol and sirtuins are found to be DR mimetic and thus increase lifespan of organism [50] . Min KJ. reported that FOXO is not required for DR-induced longevity in Drosophila, although FOXO alters the optimal food concentration required for longevity [36] . In the same way, Greer also showed that DAF-16 is not necessary for the DR mimetic resveratrol to extend lifespan in worms [51] . Ames dwarf mice (Prop1 df ) and Labron mice that lack the growth hormone receptor share phenotypes that are similar to those of DR mice, such as lower plasma levels of insulin, IGF-1, glucose and thyroid hormone [52] . The increased lifespan of Ames dwarf mice can further be increased by DR and the two interventions on lifespan and gene expression are additive [53] , suggesting that increased lifespan by IIS and DR are not mediated by identical mechanisms. Here, we observed that DCI and pinitol which increase nuclear localization of FOXO, extended lifespan in dietary restriction condition beyond that extended by dietary restriction only. Our results are consistent with that of C.elegans [51] , Drosophila [36] and mice [53] as DCI and pinitol extended lifespan was independent of dietary restriction pathway.
In addition to examining for the impact of DCI and pinitol on physiological confounds of aging such as fecundity, we also tested the effect of DCI and pinitol on locomotion as a biomarker of health-span. Since aging is defined by a number of physiological and behavioral changes across the life-span of an organism, anti-aging compounds should increase life-span without compromising health span. The association between locomotion and aging has been established in a variety of species, including drosophila [38] .It was also reported in Le Bourg paper, that spontaneous locomotor activity declined with aging in Drosophila, although males performed better than females at advanced age [38] . We found that extension of lifespan in flies by DCI and pinitol was not associated with compromised health span, as measured by its impact on locomotion.
Increased resistance to various forms of physiological stress is often correlated with lifeextending genetic alterations and has been proposed to be causal [35, 54] . Mice with haplodeficiency of IGF-1 receptor 1 exhibit increased lifespan and increased resistance to oxidative stress [10] . In the similar way, long-lived insulin signaling pathway mutant worms exhibit increased resistance to a variety of toxins. In our study, DCI and pinitol fed flies also resist the different stresses including oxidative stress and starvation. Therefore, these findings agree that enhanced oxidative and starvation stress resistance correlates with and may be both necessary and sufficient for retarded aging. Another fact behind increase resistance to stress may be the activation of dFOXO in fat-body of flies as dFOXO is involved in stress resistance [6, 14] 
V. Conclusions
The findings in this study indicate that supplementation of 20 µM of DCI and pinitol is sufficient to promote life-span in flies of both sexes by increasing the stress resistance and reducing the insulin signaling thereby increasing dFOXO localization into the nucleus. The lifespan increment was not associated with comprised health-span, as measured by its impact on locomotion. We also observed that DCI and pinitol extended life-span was independent of DR pathway. Our study in Drosophila is the first to show life-span extension by DCI, and pinitol in an animal model and thus provides a foundation for future research and development of DCI and pinitol as an effective intervention to promote life-span and
